Rate coefficients for three-body reactions are defined via the function k_3rd(T , M , k 300 0 , n, k 300 inf , m, f c ). In the code, the temperature T is called temp and the concentration of "air molecules" M is called cair. Using the auxiliary variables k 0 (T ), k inf (T ), and k ratio , k_3rd is defined as:
A similar function, called k_3rd_iupac here, is used by Atkinson et al. (2005) for three-body reactions. It has the same function parameters as k_3rd and it is defined as:
The rate coefficient is: k_HO2_HO2 = (1.5E-12*EXP(19./temp)+1.7E-33*EXP(1000./temp) *cair)* (1.+1.4E-21*EXP(2200./temp)*C(ind_ H2O)). The value for the first (pressure-independent) part is from Christensen et al. (2002) , the water term from Kircher and Sander (1984) .
G3109: The rate coefficient is: k_NO3_NO2 = k_ 3rd(temp,cair,2.E-30,4.4,1.4E-12,0.7,0.6).
G3110:
The rate coefficient is defined as backward reaction divided by equilibrium constant.
G3203: The rate coefficient is: k_NO2_HO2 = k_ 3rd(temp,cair,1.8E-31,3.2,4.7E-12,1.4,0.6).
G3206:
The rate coefficient is: k_HNO3_ OH = 2.4E-14 * EXP(460./temp) + 1./ ( 1./ (6.5E-34 * EXP(1335./temp)*cair) + 1./ (2.7E-17 * EXP(2199./temp)) ) G3207: The rate coefficient is defined as backward reaction divided by equilibrium constant. 
G4109:
The same temperature dependence assumed as for CH 3 CHO+NO 3 .
G4201: The product distribution is from Rickard and Pascoe (2009) , after substitution of the Criegee intermediate by its decomposition products.
G4206: The product C 2 H 5 OH, which reacts only with OH, is substituted by its degradation products ≈ 0.1 HOCH 2 CH 2 O 2 + 0.9 CH 3 CHO + 0.9 HO 2 . G4207: The rate constant 8.01E-12 is for the H abstraction in alpha to the −OOH group ) and 0.6*k_CH3OOH_OH is for the C 2 H 5 O 2 channel. The branching ratios are calculated from the terms of the rate coefficient at 298 K.
G4218: The rate coefficient is the same as for the CH 3 O 2 channel in G4107 (CH 3 OOH+OH).
G4221: The rate coefficient isk_PAN_M = k_CH3CO3_ NO2/9.E-29*EXP(-14000./temp), i.e. the rate coefficient is defined as backward reaction divided by equilibrium constant.
G4243: Orlando et al. (1998) estimated that about 25% of the HOCH 2 CH 2 O in this reaction is produced with sufficient excess energy that it decomposes promptly. The decomposition products are 2 HCHO + HO 2 . G4300: The product NC3H7O2 is substituted with its degradation products C 2 H 5 O 2 + CO 2 + HO 2 .
G4301: The product distribution is for terminal olefin carbons from Zaveri and Peters (1999) .
G4304: The value for the generic RO 2 + HO 2 reaction from Atkinson (1997) is used here.
G4306: The MCM ) products are 0.2 IPROPOL + 0.2 CH 3 COCH 3 + 0.6 IC3H7O. IPROPOL and IC3H7O are substituted with their degradation products. We assume IPROPOL to be oxidized entirely to CH 3 COCH 3 + HO 2 by OH. IC3H7O + O 2 produces the same products.
G4307: Analogous to G4207 for both rate coefficient and branching ratios. G4400: LC 4 H 9 O 2 represents 0.127 NC4H9O2 + 0.873 SC4H9O2.
G4401: NC4H9O and SC4H9O are substituted with 2 CO 2 + C 2 H 5 O 2 and 0.636 MEK + HO 2 and 0.364 CH 3 CHO + C 2 H 5 O 2 , repectively. The stoichiometric coefficients on the right side are weighted averages.
G4403: The alkyl nitrate yield is the weighted average yield for the two isomers forming from NC4H9O2 and SC4H9O2.
G4404: The product distribution is the weighted average of the single isomer hydroperoxides. It is calculated from the rate constants of single channels and the ratio of the isomers NC4H9O2 and SC4H9O2. The overall rate constant for this reaction is calculated as weighted average of the channels rate constants. The relative weight of the products from NC4H9OOH and SC4H9OOH are then 0.0887 and 0.9113. The channels producing RO 2 are given the rate coefficient 0.6*k_CH3OOH_OH as for G4107. For NC4H9OOH the products are 0.327 NC4H9O2 + 0. The rate coefficient is the combination of the ones for the two isomers weighted by the relative abundances for NC4H9NO3 and SC4H9NO3, respectively. Product distribution is calculated accordingly. NC4H9NO3 + OH gives C3H7CHO + NO 2 + H 2 O with C3H7CHO being substituted with 2 CO 2 + C 2 H 5 O 2 . After substitution is obtained 2 CO 2 + C 2 H 5 O 2 + NO 2 + H 2 O. SC4H9NO3 + OH gives MEK + NO 2 + H 2 O For the product distribution NC4H9NO3 and SC4H9NO3 account for 0.08577 and 0.91423, respectively. G4419: The same value as for PAN is assumed. G4420: Products are as in G4415. Only the main channels for each isomer are considered. Rate constant is the weighted average for the isomers. 
G4447: as for G4446
G4448: The rate coefficient and products are 30% for MVKOHAOOH and 70% for MVKOHBOOH. 
StTrGNJ HNO 4 + hν → .667 NO 2 + .667 HO 2 + .333 J-values are calculated with an external module and then supplied to the MECCA chemistry. The value "BIG" corresponds to virtually infinite solubility which is represented in the model using a very large but arbitrary number.
The temperature dependence of the Henry constants is:
where ∆ soln H = molar enthalpy of dissolution [J/mol] and R = 8.314 J/(mol K).
NO 2 : The temperature dependence is from Chameides (1984) .
HNO 3 : Calculated using the acidity constant from Davis and de Bruin (1964) .
This value was estimated by Jacob (1986).
C 2 H 5 O 2 : Assumed to be the same as K H (CH 3 O 2 ). If no data are available, the following default values are used: α = 0.1 −∆ obs H/R = 0 K The temperature dependence of the accommodation coefficients is given by (Jayne et al., 1991) :
where ∆ obs G is the Gibbs free energy barrier of the transition state toward solution (Jayne et al., 1991) , and ∆ obs H and ∆ obs S are the corresponding enthalpy and entropy, respectively. The equation can be rearranged to: The forward (k_exf) and backward (k_exb) rate coefficients are calculated in the file messy_mecca_aero.f90 using the accommodation coefficients in subroutine mecca_aero_alpha and Henry's law constants in subroutine mecca_aero_henry.
k mt = mass transfer coefficient lwc = liquid water content of aerosol mode H3201, H6300, H6301, H6302, H7300, H7301, H7302, H7601, H7602: For uptake of X (X = N 2 O 5 , ClNO 3 , or BrNO 3 ) and subsequent reaction with H 2 O, Cl − , and Br − , we define:
The total uptake rate of X is only determined by k mt . The factors only affect the branching between hydrolysis and the halide reactions. The factor 5×10 2 was chosen such that the chloride reaction dominates over hydrolysis at about [Cl − ] > 0.1 M (see Fig. 3 in Behnke et al. (1997) 2 . The ratio 5×10 2 /3×10 5 was chosen such that the reactions with chloride and bromide are roughly equal for sea water composition (Behnke et al., 1994) . Heterogeneous reaction rates are calculated with an external module and then supplied to the MECCA chemistry (see www.messy-interface.org for details) 
